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Abstract 
Transitioning towards agroforestry demands systematic productivity assessments of such 
systems under different climatic and edaphic conditions. In this regard, the Land Equivalent 
Ratio (LER) serves as a valuable productivity indicator of agroforestry since it evaluates yields 
from growing trees and crops together in comparison to yields from monocultures over the same 
period. Consequently, our objective was to evaluate the overall productivity of two agroforestry 
systems in Forst (Brandenburg) and Wendhausen (Lower Saxony) by means of LER. Our 
approach followed two assumptions: (i) the yields of trees and crops had equal economic 
importance and (ii) the economic importance was given solely by the annual crop, the yield of 
trees representing a supplementary profit. The resulted values for LER were consistently above 
their specific threshold, corroborating the greater efficiency of agroforestry systems rather than 
monoculture. Additionally, this study highlighted the importance of choosing the appropriate 
assumptions when calculating the LER. 
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Introduction 
With comparison to conventional agricultural systems, the integration of trees and arable crops
on the same land has been increasingly justified by a range of environmental benefits regarding
biodiversity, soil fertility, microclimatic conditions, and overall productivity, and are widely used
as wind protection systems against soil erosion (Slazak et al. 2013; Kanzler et al. 2016).
However, considering that agroforestry systems have a planning horizon of several decades,
the productivity of such systems needs to be periodically assessed for forthcoming risk
assessments and adaptation scenarios in the near future.  
In this regard, the Land Equivalent Ratio (LER), defined as the relative yield of each tree and
crop species in an agroforestry system in comparison to the yield of the same tree and crop
species in a monoculture over the same period (Mead and Wiley 1980), was used as a method
to determine the overall productivity of two agroforestry systems in Forst (Brandenburg) and
Wendhausen (Lower Saxony).  
 
Objectives 
Given the fact that land-use systems have different goals, there are different methods of
quantifying the LER in agroforestry systems (Ong and Kho 1996). Therefore, the main objective
of this study was to evaluate the overall productivity of two agroforestry systems in Forst
(Brandenburg) and Wendhausen (Lower Saxony) by means of LER with an emphasis on (i) the
yield of both trees and crops (after Mead and Wiley 1980) and (ii) the yield of annual crops (after
Ong and Kho 1996) as a principal economical product. 
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Materials and methods 
Study sites 
This study was carried out on two agroforestry systems established near Forst (N E
 67 m a.s.l.) and Wendhausen   85 m a.s.l.). The
agroforestry system near Forst is based on a dominantly pseudogleysol type of soil with a loamy
sand texture and has an annual average temperature of  and an average annual
precipitation of 568 mm (DWD Station Cottbus). The agroforestry field near Wendhausen is
characterized by a pelosol with a silty clay soil texture and has an average annual temperature
of  and an average annual precipitation of 616 mm (DWD Station Braunschweig). 
The agroforestry system in Forst consists of seven tree strips in a north-south orientation,
having a width of 11 m and a total length of 660 m, with agricultural alleys of 96 m, 48 m, and 24
m width between the tree strips (Kanzler and  2016). The system in Wendhausen consists
of four tree strips having a width of 12 m and a total length of 50 m, with agricultural alleys of 48
m width between the tree strips, as well as a control field with short rotation coppices (SRC)
planted on a 70 x 70 m surface (Lamerre et al. 2015). 
Based on the joint BMBF-Project SIGNAL (Sustainable Intensification of Agriculture through
Agroforestry), four core- (agroforestry) and four reference-plots (monoculture) were established
on these experimental sites in 2015. Two windward and two leeward core plots were set on the
48 m agricultural alleys and included the first two rows of trees. The planting density was of
about 8,700 trees per hectare (1.3 m by 0.9 m within the rows) and 10,000 trees per hectare (2
m by 0.5 m within the rows) for Forst and Wendhausen, respectively (Kanzler and  2016;
Lamerre et al. 2015). 
Yield assessment 
Regarding the tree yield, first rotation hybrid poplars (Populus nigra L. x P. maximowicii Henry,
clone   were harvested at the end of vegetation period 2014 and 2013 in Forst and
Wendhausen, respectively. In the second rotation, annual measurements of breast height
diameter (BHD) were taken in winter 2015/2016 and 2016/2017. According to these diameter
measurements, 25 shoots were chosen, manually cut 10 cm above the ground, chipped and
weighted. An allometric equation of the form M = a D b was used in order to derive the dry
matter of all measured diameters, where M is the tree biomass (kg), D is the shoot basal
diameter (cm) and a and b are the intercept and slope of a least-square linear regression of ln-
transformed data. The yearly tree woody biomass production per hectare was estimated for
each core plot using the average number of shoots per hectare and the average dry mass of the
shoots, according to the mean stool method (Lamerre et al. 2015). 
Regarding the crop yield, winter wheat (Triticum aestivum L.) was harvested in 2016 and winter
barley (Hordeum vulgare L.) was harvested in 2017 in Forst, whereas in Wendhausen winter
rapeseed (Brassica napus L.) was harvested in 2016 and winter wheat in 2017. Due to the fact
that different crops were grown at the agroforestry systems in Forst and Wendhausen, we used
a normalized crop unit (GE;  in order to calculate and compare the agricultural
production per hectare. Accordingly, 1 dt wheat corresponded to 1.04 GE, 1 dt barley to 1.00
GE, and 1 dt rapeseed to 1.30 GE (Schulze  and Klapp 2010).   
Regarding the monoculture systems, we distinguished between the reference crop plot as the
agricultural system and the reference tree plot as the SRC. Lacking an identical planting
scheme of trees between the agroforestry systems and SRC, we assumed that the annual
biomass increments of the inner rows of the agroforestry system are comparable to those in the
SRC. Thus, in Forst, measurements were collected from four double-row plots with poplar trees
and we assumed the inner two rows as similar to an SRC. In Wendhausen, measurements were
collected from the SRC planted on the control field. 
Land equivalent ratio 
The land equivalent ratio (LER) is the ratio between the relative yield of each tree and crop
species in an agroforestry system in comparison to the yield of the same tree and crop species
in a monoculture over the same period.  
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Firstly, we calculated the LER for each system under the assumption that the yields of trees and
crops are of equal economic importance, after Mead and Wiley (1980):  
      (Eq. 1)
While LER1  1 means that there is no productivity advantage of agroforestry over monoculture,
a LER1 > 1 suggests that the production in the agroforestry system is higher than the one in a
monoculture system.  
Secondly, we calculated the LER for each system under the assumption that the economic
importance is given solely by the annual crop, as the yield of trees is generally regarded as a
supplementary profit. Consequently, the difference in crop yield resulting from the presence of
trees relative to the yield of the sole crop was determined according to Ong and Kho (1996): 
      (Eq. 2)  
In this case, LER2 > 0 suggests that the production in the agroforestry system is higher than the
one in a monoculture system. 
 
Results and discussion 
The land equivalent ratios show considerable differences between the two agroforestry sites
over the investigated two years (Figure 1). 
Figure 1: The land equivalent ratio with regard to the variation of data calculated for the 
agroforestry systems in Forst and Wendhausen after Mead and Wiley 1980  LER1 (a) and 
after Ong and Kho 1996  LER2 (b). The grey line serves as a threshold above which the 
agroforestry system has greater productivity than the monoculture system. 
All of the obtained values for LER were consistently higher than their specific threshold, 
meaning that in both cases and for both locations, the agroforestry system had a greater 
productivity than the monoculture system. Regarding the LER calculations according to Mead 
and Wiley (1980), the agroforestry systems in Forst and Wendhausen achieved values between 
2.0 and 2.9, respectively. Relatively lower results were reported by van der Werf et al. (2007) 
and Graves et al. (2007), with an LER value between 1.0 and 1.8, as calculated after Mead and 
Wiley (1980). 
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Mentionable would also be the fact that changing the purpose of land-use, i.e. the method of 
calculating the LER can lead to contradictory conclusions. For example, in 2016, Wendhausen 
was the more productive field according to LER1, whereas both sites showed similar 
productivity according to LER2. 
 
Conclusion 
Our results corroborate the greater efficiency of land use, i.e. greater land equivalent ratios
when trees were integrated with arable crops rather than grown as sole crops and highlight the
importance of choosing the appropriate method when calculating the land equivalent ratio. 
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